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Background: Student peer assessment (SPA) has been
used intermittently in medical education for more
than four decades, particularly in connection with
skills training. SPA generally has not been rigorously
tested, so medical educators have limited evidence
about SPA effectiveness.

Methods: Experimental design: Seventy-one first-year
medical students were stratified by previous test scores
into problem-based learning tutorial groups, and then
these assigned groups were randomized further into
intervention and control groups. All students received
evidence-based medicine (EBM) training. Only the
intervention group members received SPA training,
practice with assessment rubrics, and then application
of anonymous SPA to assignments submitted by other
members of the intervention group.

Results: Students in the intervention group had
higher mean scores on the formative test with a

potential maximum score of 49 points than did
students in the control group, 45.7 and 43.5,
respectively (P50.06).

Conclusions: SPA training and the application of
these skills by the intervention group resulted in
higher scores on formative tests compared to those in
the control group, a difference approaching statistical
significance. The extra effort expended by librarians,
other personnel, and medical students must be
factored into the decision to use SPA in any specific
educational context.

Implications: SPA has not been rigorously tested,
particularly in medical education. Future, similarly
rigorous studies could further validate use of SPA so
that librarians can optimally make use of limited
contact time for information skills training in medical
school curricula.

STUDENT PEER ASSESSMENT (SPA)

Librarians have provided information skills training
for medical students for at least 8 decades. Postell
reported on survey results from the 1930s indicating
that 78% of the medical schools in the United States
included library instruction in their curricula [1]. Six
decades later, Earl reported that 75% of the respon-
dents in a nationwide survey similarly offered library
instruction in medical schools [2]. The appearance of
the 1998 Association of American Medical Colleges
informatics competencies [3] and the rising popularity
of teaching evidence-based medicine (EBM) in med-
ical school curricula have increased the need for
teaching information skills to medical students. Yet,
librarians currently have to compete for time in
medical school curricula, with numerous other teach-
ing faculty members also needing to teach important
competencies. This problem, revolving around what
Smith and others refer to as the ‘‘crowded curriculum
dilemma’’ [4], has led librarians to search for
pedagogic techniques that will maximize the effec-
tiveness of their limited face-to-face time with
students [5–7].

SPA pedagogy

Student peer assessment (SPA) involves students
evaluating the work of other students, oftentimes in
highly structured environments. SPA often measures
unambiguous observable behavior or completion of
course assignments. SPA can be used for students to
rate their fellow students on their performance of skills,
oral presentations, or written compositions, to cite a
few examples [8]. Students’ evaluation of their peers’
performance normally represents a formative rather
than a summative assessment activity for these peers
[9]. Formative assessment focuses primarily on pro-
viding feedback intended to enhance student learning.
Formative assessment relies mainly on low-stakes
quizzes or tests, representing only a small percentage
of the overall course grade [10]. Could SPA possibly
help solve the ‘‘crowded curriculum dilemma’’ during
an era when medical educators are condensing more
and more content into limited face-to-face classroom or
lab contact time? SPA has been hypothesized to
produce more comprehensive and internalized learn-
ing, allowing faculty and students to more effectively
use limited class contact time. SPA thereby may enable
students to retain and apply learned skills to new
situations [11, 12]. Faculty members representing a vast
variety of subject disciplines in higher education have
been reported to use SPA techniques. These SPA
techniques have been applied to assessment of many
types of educational achievements, such as testing
knowledge, skills, or expected behavior [13].

A supplemental appendix is available with the online version
of this journal.
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Falchikov notes that ‘‘Peer assessment requires
students to provide either feedback or grades (or both)
to their peers on a product, process, or performance,
based on the criteria of excellence for that product or
event’’ [14]. Topping defines SPA as ‘‘an arrangement
for learners to consider and specify the level, value, or
quality of a product or performance of other equal-
status learners’’ [15]. Arnold and Stern describe
‘‘peers’’ as ‘‘individuals who have attained the same
level of training or expertise, exercise no formal
authority over each other, and share the same
hierarchal status in an institution’’ [16].

SPA often employs rubrics to ensure consistent and
transparent feedback between students. Rubrics iso-
late discrete components of educational activities for
ease of assessment. Rubrics define and describe these
components and link them to a range of student
performance levels on the discrete tasks. The four
elements in rubrics consist of: (1) a task description;
(2) scales of potential student achievement levels
(examples: does not meet expectations, meets expec-
tations, exceeds expectations, or simply ‘‘yes’’ or ‘‘no’’
responses); (3) component parts of the activities; and
(4) descriptions of achievement levels that are reached
through incremental stages [17].

Medical education tends to utilize SPA primarily
when assessing professional skill competencies,
particularly in the area of assessing professional
behavior [18]. Norcini provides a synthesis of current
practices of SPA in medical education. He notes that
student participants need to be informed about the
purposes of SPA, participate anonymously, be
‘‘graded’’ at low stakes when first introduced to
SPA, and be trained in the criteria for defining
excellent performance in those to be assessed [19]. A
survey completed by students at four US medical
schools on the delicate subject of students assessing
one another’s professional behavior using SPA by
Arnold et al. validates Norcini’s points about
anonymity and clearly defined standardized criteria.
That study also notes that SPA feedback must be
delivered to the assessed students in a timely manner
[20]. Modern experiences with SPA in medical
education date back to at least Kubany’s 1957
sociometric study [21] and the subsequent, though
intermittent, work of other SPA pioneers [22–25]. Yet,
the uneven focus in the research literature on SPA in
medical education still does not seem to match the
potential of SPA to facilitate deep learning for
medical students [26].

The underlying pedagogical principles supporting
SPA are well grounded in mainstream theoretical
constructs and conceptual frameworks in the field of
education. SPA consistently adheres to experiential
education theories as explored by Dewey [27–29] and
Bruner [30], and later elaborated upon and codified
by Kolb’s theory of learning cycles [31]. Kolb
conceptualized experiential learning as consisting of
concrete experience, reflective observations about the
experience, abstraction of concepts from the experi-
ence, and active experimentation with knowledge
gained from the experience to foster in-depth rather

than superficial learning. SPA clearly incorporates
these four elements. SPA also has a theoretical basis in
learning processes and curriculum design, as exam-
ined by Gagné [32–36]. SPA demonstrates early
constructivist theory [37] and later aligned with
constructivist theorists, such as Biggs and Tang, who
seek to include learners in designing, implementing,
and assessing learning [38]. As already noted, deep-
learning theorists such as Marton and Säljö [39] likely
anticipated current SPA practices. Finally, SPA
additionally can rely on the social learning theories
of Vygotsky [40–42] when employed within certain
non-anonymous, face-to-face assessment contexts.

SPA evidence

Several systematic literature reviews [13, 43, 44] and a
meta-analysis [45] have synthesized the available
evidence on the effectiveness of SPA practices. Speyer
et al. have conducted a systematic review specifically
related to medical education, although it focuses
narrowly on psychometric instruments with an
investigation of their validity and reliability [18].
The existing evidence generally points to the effec-
tiveness of SPA for enhancing deep learning.

There are very few experimental or quasi-experi-
mental studies [46] involving SPA approaches, par-
ticularly in the area of student performance on
subsequent tests. Instead, the highest forms of
evidence to support SPA tend to be cohort (pretest,
then posttest) studies. The majority of research studies
also have concentrated upon either the agreement
between student peer assessors and faculty assess-
ments, or on student perceptions of SPA rather than
actual performance outcomes [8].

Empirical research tends to form a consensus
around certain practices such as using SPA anony-
mously and primarily for formative, low-stakes
assessment events [26, 47–52]. Any system for
enacting SPA needs to ensure fairness and guarantee
to all students that those students in the peer
reviewing role will neither under-score nor over-score
their fellow students [53]. Perhaps counter intuitively,
the evidence supports the common practice of using
only one student peer rather than multiple student
peers to evaluate the work of each individual student.
Some authors have synthesized the best available
evidence on SPA and applied this evidence to large
class environments. The authors of the study reported
here developed the protocols based on the aforemen-
tioned evidence to assure the integrity of the SPA
process through use of explicit, unambiguous, and
finite criteria for SPA rubrics [54]. With respect to
these last points—concerning the need for explicit,
unambiguous, and finite criteria—it should be noted
that students also resist SPA when it entails a forced
distribution of grades [55, 56].

RESEARCH QUESTION AND HYPOTHESIS

The present experimental study applied SPA to
medical students learning evidence-based medicine
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(EBM) searching skills using PubMed. Past efforts by
the first author (Eldredge) to gauge the effectiveness
of SPA—with smaller groups of five to twenty
graduate students in clinical research, health policy,
physician assistant, and public health curricula—
while students learned evidence-based practice skills
had suggested promisingly that SPA might enhance
student learning. A medical school curriculum must
cover many competencies within limited in-class time,
so any opportunity to teach these EBM searching
skills in such a way that these skills are retained and
applied effectively throughout the remainder of the
crowded curriculum seemed to be a prudent use of
the extra effort required to implement an SPA process.

Norcini [19], Falchikov [8], and others have noted
that SPA excels in teaching students new skills. This
study focused on EBM informatics searching skills,
since this skill set had been taught for a number of
years in the medical school curriculum [57, 58]. The
authors could thus use past experience to anticipate
possible obstacles to implementation. If applying SPA
to EBM literature searching yielded the expected
pedagogical benefits, the authors reasoned that SPA
might then prove similarly helpful elsewhere in their
own and in other medical school curricula. The
working hypothesis for this study proposed that
medical students in an intervention group using
SPA techniques would master a specific set of EBM
PubMed searching skills better than students in the
control group who had otherwise received identical
training in EBM PubMed searching skills.

METHODS

Procedures

All first-year medical students who were beginning
their second organ system block on genetics and
neoplasia at the University of New Mexico School of
Medicine were enrolled in this study. This study was
approved by the University of New Mexico Institu-
tional Review Board (HRRC 09-423). The chair of the
block (Bear) allocated all students into problem-based
learning tutorial groups using their average score on
two tests in the previous block. In this way, students
were distributed evenly in terms of previous test
performance across eleven tutorial groups. The
authors used a random number generator to assign
each of the eleven tutorial groups into either an
intervention or a control group; in other words,
randomization was applied at the tutorial group level
rather than at the individual level. Scheduling and
room size constraints meant that more tutorial groups
(seven) were allocated to the intervention group than
the control group (four).

All students attended a one-hour introductory
lecture to EBM presented by the librarian coauthor
(Eldredge) on a Monday, during which they were
given an overview of the EBM PubMed searching
skills that they would learn during an EBM lab as well
as a description of three closely related rubrics that
would be used for grading their mastery of EBM

searching skills. Later that day, students participated
in training labs in EBM searching skills. All students
in every lab received instruction in how to conduct
two basic types of PubMed searches: (1) a Medical
Subject Headings (MeSH) term combined with one
subheading, and (2) combination of two or more
MeSH terms using a Boolean operator.

After the instructional portion of the lab, all
students were given an assignment to complete and
turn in to a proctor (Perea) before completion of the
lab. The assignment required all students to conduct a
diagnosis, treatment, and prognosis EBM search in
PubMed on one of twenty-four listed subjects, such as
alcoholism, breast cancer, colon cancer, cystic fibrosis,
leukemia, or melanoma. The librarian instructor
directed all students to copy, paste, and submit to
the proctor only their best search strategies in each
three of the categories as documented by PubMed
histories. All students were given a physical copy of,
and an explanation of, the assessment rubric (Appen-
dix, online only) to be used for both the assignment
and the subsequent test on the Friday at the end of
that same week. Within forty-eight hours, the instruc-
tor also graded and returned the initial assignments to
all students using the three rubrics.

Only during the two labs comprising students in
the intervention group did the librarian instructor
explain the mechanics of the SPA process. The
librarian instructor reviewed the rubric criteria and
modeled the way that students should assess their
assigned fellow students over the next forty-eight
hours. He stated explicitly that he would monitor
their assessments of their fellow students for accuracy
and completeness. Students in the control group did
not receive these specific instructions. Following the
labs, only the intervention group students received an
assignment completed by another student in the
intervention group whose identity was concealed
(‘‘blinded’’). They were reminded to use the three
rubrics to assess the other student’s assignment.
Neither assessing nor assessed students were ever
told the identity of their anonymous student peer
partners. Over the next forty-eight hours, students in
the intervention group anonymously assessed their
assigned peers’ searches. These peer assessments
followed the series of steps and decisions that
students had to make in the EBM PubMed searching
techniques learned during the lecture and lab. As
assessors, student were prompted to evaluate search
maneuvers such as accessing the MeSH database,
attaching subheadings, combining two or more MeSH
terms (i.e., Boolean logic), and applying filters (i.e.,
limits) to search results as detailed in the rubrics in
the online only appendix.

Thus, students in the intervention group received
and reviewed the peer assessment of their searches.
Students in the control group received no similar
feedback. The instructor graded all students’ assign-
ments and provided feedback seventy-two hours after
the labs using the same three rubrics with all students’
identities concealed. The peer rating [43] rubrics used
in the present study evolved out of the grading
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process used over the years in previous teaching
experiences that employed SPA in other degree
program curricula.

Measurement

At the end of the same week, all students took a low-
stakes, formative skills test worth 5% of their course
grade. The test gauged their EBM PubMed searching
competency by asking them to search PubMed for
relevant references on one of the following 3 clinical
vignettes. Assignments were made according to the
first letter of their first names:
A–E: You are a family practice physician examining a
series of patients with what appears to be bacterial
pneumonia. Search PubMed using all of the skills and
guidelines given in the lecture and lab: diagnosis,
treatment, and prognosis.
F–Q: You are a pediatrician specializing in adoles-
cents who are at high-risk for contracting HIV
infections. Search PubMed using all of the skills and
guidelines given in the lecture and lab: diagnosis,
treatment, and prognosis.
R–Z: You are an internist specializing in a geriatric
population in an 80–100 year-old age cohort. A
significant number of your patients in this popula-
tion appear to suffer from depression. Search
PubMed using all of the skills and guidelines given
in the lecture and lab: diagnosis, treatment, and
prognosis

The librarian instructor scored all student formative
tests with students’ identities concealed, with the help
of the proctor, using the three grading rubrics
previously distributed to all students. The team
statistician (Wayne) compared mean scores on the
exam between the intervention and the control
groups. The test results also were categorized (cor-
rectly answering 90% or more of the questions versus
correctly answering less than 90% of the questions)
and compared by group. The differences between the
means were tested using a Wilcoxon rank sum test
due to the non-normal distribution of the scores. The
percentages were tested using a chi-square test. The
analysis for this article was generated using SAS/Stat
software (version 9.2, Cary NC).

RESULTS

During the fall, 80 students began the genetics and
neoplasia block. EBM knowledge and skills training
constituted a component of this block. Six students
were absent during the EBM labs, and 3 did not take
the formative test, leaving a total study size of 71. Of
these, 47 (66%) students were in the intervention
group and 24 (34%) students were in the control
group. Table 1 indicates that there were no statistical
differences between the groups for the demographic
variables of gender, minority status, or age. The
formative skills test scores ranged from a low of 0 to a
high of 49.

Table 2 presents the mean scores by group. The
mean score for the intervention group was higher

than the control group (45.7 and 43.5, respectively, a
difference of marginal statistical significance P50.06).
The percentage of students receiving scores of 45 (out
of a possible 49 points) or higher was almost identical
for the 2 groups (30% and 29%).

Pretest results were not available for these same
students. Yet, the authors had observed over the
preceding 8 years that prior to their taking this
training, almost all medical students lacked knowl-
edge of either EBM or the specific subset of EBM skills
used in searching PubMed for the evidence that
pertained to this study when they began the block.
One author tested and confirmed this assumption by
administering a pretest to a different cohort of first-
year medical students. These students performed
poorly on the pretest when graded with rubrics
nearly identical to the rubrics used in the present
study. That group of students earned an average score
of 1.28 out of a possible 22 points, which would have
been a score of only 6% on a grading scale (data not
shown).

DISCUSSION

The researchers tested the hypothesis that SPA
techniques would improve mastery of EBM PubMed
searching skills, using three closely related scoring

Table 1
Demographic profile and test score results by group

Demographics

Intervention
group (n=47)

Control
group (n=24)

P-value*(n) (%) (n) (%)

Gender

Female 29 (62%) 13 (54%) 0.54
Male 18 (38%) 11 (46%)

Minority{
Yes 20 (43%) 11 (55%) 0.39
No 26 (57%) 9 (45%)

Age at matriculation

#24 24 (51%) 17 (71%) 0.11
25+ 23 (49%) 7 (29%)

* P-value for percentages is from chi-square test.
{ Minority status is not known for 1 student in the intervention group and 4
students in the control group.

Table 2
Results of formative exam

Intervention group
(n=47)

Control group
(n=24)

Mean (SD) (n) (%) Mean (SD) (n) (%)
P-

value*

Test score 45.7 (4.0) 43.5 (9.5) 0.06

Score category

Top 10% (45+) 14 (30%) 7 (29%) 0.96
Bottom 90% (#44) 33 (70%) 17 (71%)

* P-value comparing means is from Wilcoxon rank sum test.
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rubrics to teach these EBM searching skills and to
quantifiably assess student learning on a formative
skills test. Both the control group and the intervention
group received the same lecture-based instruction, the
same post-lecture lab, and copies of the same three
assessment rubrics, and then within seventy-two
hours received timely post-lab session assessment
feedback from the instructor on the required assign-
ment. The only difference between the groups was
that the intervention group received instruction in
SPA techniques and applied this instruction to assess
their peers’ work anonymously over a forty-eight-
hour period. This study was designed to implement
Beckman and Cook’s recommendation to use a true
experiment in order to determine which of two or
more courses of educational methods succeeds better
in reaching a desired outcome [59].

The authors reasoned that students in both the
intervention group and the control group would be
motivated to utilize the EBM searching skills they
learned in the lab to later address the complex
learning issues introduced in their problem-based
learning tutorials during phase I of their curriculum.
The specific EBM techniques for searching PubMed
for evidence, the second step in the EBM process,
could be directly applied to acquire answers to
questions related to the subjects covered during the
genetics and neoplasia block. First-year medical
students do not have occasion to apply most EBM
skills and knowledge while still in the preclinical
phase of the curriculum. Yet, students could apply the
specific EBM PubMed searching skills taught in the
lab immediately in their problem-based learning, so
these skills were expected to have high relevance for
all students.

This study adds to the limited experimental
evidence supporting the effectiveness of SPA, as
measured by a formative test following EBM search-
ing skills instruction. Results from this study suggest
that students who learn about, and participate in, a
SPA process perform marginally better on subsequent
formative skills assessments than do similar students
not using the SPA process. Although the difference
was not statistically significant, students in the
intervention group had higher mean scores than did
students in the control group when tested on their
EBM searching skills. The medical school’s assess-
ment unit requires students to evaluate every block
and course they have taken in the curriculum using a
5-point Likert-scale instrument, with ‘‘5’’ as the
highest score. Students in this specific cohort year
continued to rate the EBM skills component of the
block highly, with 4.0 scores on the 5-point Likert
scale consistent with past years, suggesting that
neither control nor intervention group students
perceived themselves as adversely affected by this
experiment.

The limited evidence from research in higher
education suggests that SPA stimulates deep learning
and improves student performance outcomes. This
study lends limited support to this body of evidence.
Could it be that because medical students are

dramatically more motivated to succeed academical-
ly, they will do better than most other higher
education students on tests, regardless of the presence
of SPA? In this context, SPA might contribute to
marginally better student performances but not
markedly so.

The librarian instructor (Eldredge) has taught
graduate students in clinical research, dental, health
policy, nursing, pharmacy, physician assistant, and
public health graduate programs for a number of
years. He tends to agree with the general observation
that medical students are more highly motivated to
succeed than students in these other degree programs.
In the case of highly motivated medical students,
perhaps they markedly improve their test scores
instead when notified in advance about and guided
by well-constructed rubrics. One can only speculate
about this possibility at this juncture, although it does
offer a tantalizing testable hypothesis for the future.

Practical considerations

The literature nearly universally reports that imple-
menting SPA requires more of instructors’ time and
incrementally more of student time. Two of the
authors (Eldredge and Perea) determined from their
logs and calendars that concealment of the identities
of students from one another and from the faculty
member required about six more hours for the
instructor and approximately ten hours for the
proctor who was charged with devising a system to
conceal identities to ensure the integrity of this study.
These two authors estimate that by automating future
SPA arrangements, they might reduce this adminis-
trative effort to only four hours’ effort combined. The
current educational assessment technology does not
yet support an easy way to automate the specific SPA
applications described in this article [60]. Each
student in the intervention group probably involved
an estimated twenty to thirty minutes more in
anonymous peer review outside of their in-class time
to complete their SPA assignments than their control
group counterparts, based on anecdotal student
accounts. While SPA outside of class contact time
might lead to strengthening essential EBM skills in a
crowded first-year medical school curriculum, will
many instructors be willing to invest the extra time to
make it happen out of their own already overbooked
professional work lives? Ultimately, in the authors’
view, the instructor will need to make that decision.
Falchikov also has noted many of these practical
considerations in her book on SPA [8].

Limitations

The design and context for this study present certain
limitations. These first-year medical students, who
were still within their first four months of school, had
no prior experience with SPA within the medical
school curriculum. A number of researchers who have
studied SPA recommend that students be trained on
SPA prior to practicing it [13], whereas this study
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accelerated training and application because of the
crowded curriculum.

Second, practical considerations revolving around
medical students’ frequent interactions across the
cohort of their class in medical school prevented
extending this experiment over a time period longer
than a week to measure sustained learning of
searching skills. Students in the intervention group
during a experiment of longer duration could have
possibly taught their hypothetically superior EBM
PubMed searching skills to students in the control
group in subsequent weeks, thereby contaminating
individual members of the control group for the
study. A randomized controlled trial in medical
education at Oxford University acknowledged the
possibility of such a contamination effect [61]. Thus,
in this type of course-long design, it was not possible
to truly distinguish between groups. Yet, a prospec-
tive cohort study could probably determine if all
students using SPA retain high levels of competence
beyond a single week of a block compared to a similar
group of students lacking training in and application
of SPA.

Third, no test data are available to evaluate how test
scores might fluctuate over time for other students
participating in a conventional learning and assess-
ment arrangement.

Fourth, this study could not determine if the
observed differences resulted from the fact that
students in the intervention group simply spent more
time using the skills set or using the rubrics. SPA
takes longer not only to learn, but also to practice. The
argument might be made that more time invested in
any meaningful activity related to learning, particu-
larly when coupled with timely and consistent rubric-
based feedback, will result in better scores. The SPA
methodology furthermore inherently involves stu-
dents spending incrementally more time interacting
with the skills set. In this version of SPA, however,
most of the activity occurred outside class or lab
contact hours, a key advantage of SPA in a crowded
curriculum.

Fifth, the presence of one of the authors (Perea) who
was known to all students as a proctor for major
medical school exams might have caused some degree
of inadvertent anxiety for all students. This anxiety
might have prompted students to take the formative
test more seriously as a mild form of the Hawthorne
effect [62]. If all students were anxious, this might
have motivated them all to perform better than they
would have in a more typical, formative SPA setting.
This, in turn might have elevated the grades for both
groups.

Finally, this study only included first-year medical
students in one block at a single medical school, and
so any generalization will remain limited until others
elsewhere replicate this study.

CONCLUSION

This study suggests that students in the intervention
group using SPA performed better than students in

the control group, although not significantly so, on a
formative skills test a few days later. Faculty or staff
time invested on implementing a SPA program might
be minimized through yet-to-be-developed new in-
formation technology. Further experimental studies
need to either confirm or dispute the findings in this
study, particularly in light of the limited amount of
rigorous evidence of the effectiveness of SPA. Cohort
studies in the future also could evaluate the effect of
SPA on long-term retention of EBM PubMed search-
ing skills. In the meantime, this experiment offers
suggestive evidence that SPA can be applied to
teaching skills that will require predicted, repeated
application throughout the medical school curricu-
lum, such as the EBM skills evaluated here.
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